Objective: We introduced primary arterial switch operation for the patient with transposition of great arteries and intact ventricular septum (TGA-IVS) who had more than 3.5 mm of posterior left ventricle (LV) wall thickness. Methods: Between January 2013 and June 2015, a total of 116 patients underwent arterial switch operation. Of the 116 patients, 26 with TGA-IVS underwent primary arterial switch operation at more than 30 days of age. Results: The age and body weight (mean + SD) at the operation were 120.4 + 93.8 days and 4.1 +1.0 kg, respectively. There was no hospital mortality. The thickness of posterior LV wall (preoperation vs postoperation; mm) was 4.04 + 0.71 versus 5.90 + 1.3; P < .0001; interval: 11.8 + 6.5 days. The left atrial pressure (mm Hg; postoperative day 0 vs 3) was 20.0 + 3.2 versus 10.0 + 2.0; P < .0001; and the maximum blood lactate level (mmol/dL) was 4.7 + 1.4 versus 1.4 + 0.3; P < .0001, which showed significant improvement in the postoperative course. All cases had delayed sternal closure. The patients who belonged to the thin LV posterior wall group (<4 mm [preoperative echo]: n ¼ 13) had significantly longer ventilation time (days; 10.6 + 4.8 vs 4.8 + 1.7, P ¼ .0039), and the intensive care unit stay (days) was 14 + 9.2 versus 7.5 + 3.5; P ¼ .025, compared with thick LV wall group (4.0 mm: n ¼ 13). Conclusions: The children older than 30 days with TGA-IVS can benefit from primary arterial switch operation with acceptable results under our indication. However, we need further investigation for LV function.
Introduction
Primary arterial switch operation is the procedure of choice in neonates with transposition of great arteries and intact ventricular septum (TGA-IVS) up to three weeks of age. 1 The concern for regression of the left ventricle (LV) has discouraged the majority of centers from offering primary arterial switch operation to children with TGA-IVS beyond four weeks of age. 2 However, late diagnosis of congenital heart disease is a significant issue in many centers of the world. In older patients with TGA-IVS who do reach hospital, alternative strategies such as the atrial switch or rapid two-stage arterial switch have generally been used. 3 In children presenting beyond neonate, we found primary arterial switch operation has more benefits than the rapid two-stage arterial switch operation. To extend the benefits of primary arterial switch operation, we have been offering this operation gradually to older children, especially for those children more than two months of age. This study reports the results of our current experience with this group of patients. We examine the incidence of postoperative course and its relationship to mass of LV at preoperation using this approach.
Materials and Methods

Study Design
We conducted a single-center retrospective review of the medical records of consecutive late referral 26 (10 boys and 16 girls) patients with TGA-IVS who underwent primary arterial switch operation at National Heart Institute in Kuala Lumpur, Malaysia, from January 2013 to June 2015. The preoperative echocardiogram showed the thickness of posterior left ventricular wall was more than 3.5 mm in all patients. The patients who had an LV of banana shape that was identified by preoperative echocardiogram were excluded. The institutional review board of the hospital approved this study, and individual consent for the study was waived. In accordance with our institutional policy, late referral patient with TGA-IVS underwent echocardiogram and the thickness of left ventricular posterior wall was measured. Patients also underwent patent ductus arteriosus (PDA) stenting if clinically indicated.
Patients
From January 2013 to June 2015, a retrospective review of database identified 116 patients who underwent arterial switch operation. Of the 116 patients, 26 with TGA-IVS underwent primary arterial switch operation at more than 30 days of age.
In all, 18 (69.2%) patients with TGA-IVS had balloon atrial septostomy and 10 (38.5%) had PDA stenting before arterial switch operation. Concomitant anomalies associated with these patients were LV outflow tract obstruction in one patient, intramural coronary artery in one, and single coronary artery in one. Six of 26 patients needed ventilator support and one needed inotropic support before arterial switch operation. All other patients had usual coronary pattern. The timing of arterial switch operation was at the discretion of the attending cardiologist and at the convenience of the family of the patient.
Evaluation of Postoperative Course
All hemodynamic measurements at the pediatric intensive care unit were reviewed in first three days after the operation. The thickness of posterior left ventricular wall was measured in diastolic phase.
Statistical Analysis
The medical records, operative reports, pediatric intensive care unit chart, and echocardiographic results for all patients were reviewed. Follow-up was complete for all patients. Data are presented as mean (SD) as indicated. Differences between the two groups were determined using Fisher's exact test, the Mann-Whitney rank-sum test, or Student t test, as appropriate. All analyses were conducted using Prism software (version 5.01). All values of P < .05 were considered statistically significant.
Results
Patients
Mean age at their arterial switch operation was 120.4 (93.8) days, and body weight was 4.1 (1.0) kg. Eighteen of 26 patients had BAS at 28 days of age (median; range: 1-124 days), and 10 of 26 had PDA stenting at 45 days of age (median; range: 0-136 days; Table 1 ). Three of 10 patients had stenting of the duct at the referring hospital that did not perform neonatal operations. The interval from stenting to arterial switch operation was 101.2 (73.8) days.
The cardiopulmonary bypass time (median) was 204.5 minutes (range: 149-328) and clamp time was 104 (70-161; Table 2 ). All patients needed nitric oxide inhalation immediately after coming off cardiopulmonary bypass. There was no mortality in this cohort. 
Operative Procedure
Basically, all these patients underwent arterial switch operation using Lecompte maneuver. The coronary transplantation was performed by following trapdoor method. The treated pericardial patch was used to fill in the defects in the neopulmonary trunk. All arterial switch operations were performed by two surgeons. Ten patients had PDA stenting before arterial switch operation.
Postoperative Course
The duration of intubation, pediatric intensive care unit stay, and hospital stay (median) were 6 days (range: 3-18), 8 days (4-34), and 16 days (8-39), respectively.
The left atrial pressure (mm Hg; postoperative day 0, 1, 2, and 3) was 20.0 (3.2), 15.4 (3.4), 12.2 (3.0), and 9.4 (2.0); P < .0001; and the maximum blood lactate level (mmol/dL) was 4.7 (1.4), 3.0 (1.2), 2.3 (1.4), and 1.4 (0.3); P < .0001, which showed significant improvement in the postoperative course ( Figure 1 ). One patient needed postoperative extracorporeal membrane oxygenation support for LV retraining. We could wean off extracorporeal membrane oxygenation in postoperative day 1.
The Thickness of LV Wall
The thickness of posterior LV wall (preoperation vs postoperation; mm) was 4.04 (0.71) versus 5.90 (1.3; P < .0001; interval: 11.8 [6.5] days). We divided the cohort into two groups (thin wall group: preoperative posterior LV wall <4 mm, thick wall group: preoperative 4.0 mm). The patients in the thin LV wall group had significantly longer ventilation time (days; 10.6 [4.8] vs 4.8 [1.7] , P ¼ .0039); and pediatric intensive care unit stay (days) was 14 (9.2) versus 7.5 (3.5); P ¼ .025), compared with thick LV wall group. The hemodynamics (left atrial pressure and lactate level) immediately after arterial switch operation in the thin LV wall group was worse than that in the thick LV wall group (Table 3) 
Comment
In the children presenting with TGA-IVS, there are instances when for one reason or another infants present late after the neonatal period when left ventricular pressure is low owing to decreased pulmonary vascular pressure. Conventionally, these children are offered atrial-level switch, which has been proved to be an inferior operation as compared to arterial switch. 2, 4 Another option is to carry out ventricular training and then switch the arteries, which has evolved over a period of time from being a two-stage to a rapid two-stage operation. 3 The staged repair, consisting of pulmonary artery banding, systemic to pulmonary artery shunt, and subsequent anatomic repair, was first described by Yacoub and colleagues. 4 Published literature has already established the arterial switch operation to be far better than atrial switch in physical functioning, mental health, self-esteem, and general health perception. The quality of life and health status as perceived by children of 11 to 15 years after arterial switch operation were excellent when compared with published normative data and were better after arterial switch operation than after atrial repair. 5 
Adaptation of LV
Traditionally, left ventricular posterior wall thickness and myocardial mass are taken to assess the preparedness of LV, and we introduced primary arterial switch operation for the patient with TGA/IVS who had more than 3.5 mm of posterior LV wall. In our study, postoperative echocardiography follow-up of these children revealed increasing the thickness of the posterior LV wall within a few weeks' time. Rapid left ventricular hypertrophy in the early postoperative period has also been documented in previous studies. 6 In terms of rapid two-stage strategy, Boutin et al reported that the left ventricular mass was significantly increased compared with preoperative values by 36 hours after banding of the pulmonary artery. 7 And they reported that the minimal ejection fraction was obtained in the first three days after banding of the pulmonary artery but by 3.5 days after pulmonary artery banding, mean ejection fraction was similar to preoperative values, and by day 7 after banding, mean ejection fraction had reached 95% of the initial value. As shown in our study, a significant high level in the lactate and the left atrial pressure occurred immediately after coming off bypass, even with inotropic support. However, lactate level and left atrial pressure were significantly decreased in the first 72 hours after the primary arterial switch operation. And the discharge, the echocardiogram showed that the left ventricular mass was significantly increased compared with preoperative values. These findings indicate that the LV function has the capacity to improve very rapidly in response to a sufficient pressure stimulus.
Patent Ductus Arteriosus Stenting
Ductal stenting is an attractive alternative for those who present late with transposition of the great arteries. 8 It provides volume loading and to a lesser extent and pressure loading to the involuted LV, leading to left ventricular hypertrophy. Presence of the stented duct allows for better systemic-pulmonary blood mixing, eliminating the need for aortopulmonary shunt. It has been adopted by other centers as a modality for left ventricular training before arterial switch operation, even after closure of the ductus arteriosus. 9 This method of left ventricular training is an attractive alternative, given its nonoperative nature and reduced postprocedural morbidity. Its major advantages lie in avoiding pulmonary artery distortion and neoaortic valve regurgitation resulting from banding. However, persistence of a large PDA for several months may be associated with an increased incidence of early pulmonary vascular disease. All patients in the present study were managed with nitric oxide inhalation immediately after coming off cardiopulmonary bypass.
In this cohort, there were ten patients who underwent PDA stenting. There are two clinical reasons for PDA stenting in Malaysia: one is LV training and the other is rescue stenting for severe arterial desaturation. The stenting of the ductus is often performed at a referring hospital that does not perform neonatal heart surgery, and the patients are then transferred to our center, which is the only center in Malaysia performing arterial switch operations.
Targeting Age at Arterial Switch Operation
The children who need a special care in Malaysia are ill in terms of delay in diagnosis, limited man power, and poor accessibility to health-care facilities; hence, we come across children with TGA-IVS presenting quite late in their life. However, in these years, the targeting ages at arterial switch operation were changing dramatically in our center. Fifty percent (24/49) of all patients with transposition of great arteries underwent arterial switch operation at more than 28 days of age in 2013, 41% (17/41) in 2014, and 15% (4/26) in 2015. We attribute this decreasing age at arterial switch operation to the improvement in medical service in Malaysia.
In children with TGA-IVS, various centers have reported mortality of 1% to 10% for arterial switch operation in children up to three weeks and 5% to 9% for atrial switch operation. 10 Recent reports have advocated extending the boundaries of primary arterial switch operation in patients with TGA-IVS outside the usual two-week limit after birth to as long as two to three months of age. 11, 12 This strategy has the advantage of eliminating preparatory pulmonary artery banding and systemic pulmonary shunt, which is associated with pulmonary valve dilatation and resultant neoaortic insufficiency after arterial switch. Yacoub et al reported about 20 patients who had staged repair for TGA-IVS. 13 There were three early deaths (15%) and 14 patients subsequently underwent arterial switch with four early death (29%) and no late deaths. Yamaguchi et al reported two-staged repairs in 91 infants, with a mortality rate of 7% and three late deaths.
14 In our study, there was no operative mortality under our criteria. Adapting late arterial switch without left ventricular training, however, may lead to a period of mechanical support after arterial switch during which adaptation of the LV takes place. 15 In our series, only one patient required mechanical ventricular support for a short period after arterial switch operation.
Study Limitations
The study described here covered a short period of time, and its retrospective nature and inadequate number of patients for meaningful subgroup analysis should be recognized as limitations of the study, although the data in our database are collected prospectively for all operations. The effect of general improvement in surgical technique and perioperative care with increasing experience could not be analyzed in the study.
In conclusion, the children older than 30 days with TGA-IVS can benefit from primary arterial switch operation with acceptable results under our indication. Long-term follow-up of these children will be needed but early results are encouraging.
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